W e treated 15 patients by arthrodesis of the knee after removal of an infected total knee arthroplasty, using an Ilizarov ring fixator. Eight had a failed arthrodesis by another technique. The mean age of the patients was 75 years, the mean duration of retention of the frame was 28 weeks, the mean treatment time 51 weeks, and the mean follow-up 52 months. All but one knee fused at the first attempt, a rate of union of 93%. The incidence of complications related to treatment was 80%. The length of treatment and rates of complication were attributed to advanced age and the adverse local clinical factors in these patients. The Ilizarov method is a promising technique for achieving arthrodesis under these circumstances.
surgery, 4, 5, 10 deep infection 1, 12 before implantation, the use of hinged prostheses, 1, 4, 6, 10 complications of wound healing after implantation, 1, 4, 6, 13 distant infection, and skin lesions. 6 Arthrodesis after a knee prosthesis has become infected may be required when there is much loss of bone, when the extensor function of the knee is deficient, with the soft tissues around the knee compromised and with very little movement of the joint. [14] [15] [16] [17] [18] [19] In the past, various techniques have been used to achieve arthrodesis, with rates of union ranging from 29% to 100%. 1, 4, 7, 8, 14, 16, 17, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Single-plane external fixation is the least successful technique (29% union) 9 and intramedullary nailing the best with fusion in 88% to 100%. 24, 26, 29, 30 An intramedullary nail, however, should only be used after the infection has been satisfactorily treated. 5, 21, 29, 31, 32 The interval between removal of a prosthesis and resolution of infection may be as much as 40 weeks. 24, 26, 29 We used an Ilizarov ring fixator to achieve arthrodesis when other techniques would be difficult to apply, thereby avoiding above-knee amputation. Ilizarov fixation has several technical advantages: 1) continuous axial compression, which may stimulate bone healing and subsequent resolution of osteomyelitis; 33, 34 2) excellent stability; 3) application in the presence of active infection; 4) versatility, which means that it can be used when the bone ends are fractured, with massive bone loss, severe osteoporosis, or when a hip prosthesis is present; and 5) no requirement for bone grafting. We present our initial experience with this technique.
Patients and Methods
Between 1991 and 1998 we performed arthrodesis of the knee with the Ilizarov fixator after failed TKA due to deep sepsis in 15 patients (14 women, 1 man) whose mean age was 74 years (55 to 90). Details of the patients are given in Table I . The indication for TKA was osteoarthritis in 11 patients, rheumatoid arthritis in three and avascular necrosis in one. Twelve prostheses had been implanted in other hospitals and three in ours. The prosthesis was hinged in five patients and a resurfacing design in ten. Seven patients presented with an infected TKA and eight with a failed arthrodesis after removal of an infected implant. The mean interval between the initial operation and removal of the prosthesis was 42 months (1 to 130). Since the amount of available cancellous bone is important for the fusion, we classified the loss of bone at the time of operation as follows: 1) Mild. Full bony contact is possible with congruous and almost continuous cancellous surfaces.
2) Moderate. There is incomplete bony contact with loss of cancellous bone after the removal of the tibial or femoral components, or a long-standing pseudarthrosis following a failed arthrodesis.
3) Severe. There is minimal bony contact and two coneshaped shells of cortical bone without cancellous contact.
Bone loss was mild in two patients (Fig. 1a) , moderate in eight (Fig. 1b) and severe in five (Fig. 1c) .
The knees were approached through the previous, usually anteromedial parapatellar, incision. If present, the prosthesis and all cement were removed. Fibrous tissue and bone samples were taken for microbiological studies. Minimal resection of the tibial and femoral bone ends was performed. If possible, the patella was used as autograft, but no other bone graft was used.
The Ilizarov fixator consisted of two rings around each segment of bone. Two crossed transfixation wires, under 130 kg tension, were placed on each ring. The bone ends were approximated as accurately as possible. Threaded bars were placed between the rings to initiate axial compression on the bone ends ( Fig. 2) , and intermittent compression was applied by 1 mm at three-week intervals.
Appropriate antibiotics were given for at least six weeks after surgery. Two patients with negative cultures were treated with gentamicin and a second-generation cephalosporin. When radiological signs of consolidation appeared, and the knee was considered to be clinically fused, the frame was removed, and a cast was applied for at least six weeks. The patients were allowed to bear weight on the limb during the whole period of treatment if able. Complications were classified according to Paley 35 and were events which required surgical intervention or caused residual deformity.
Results
The results of bacterial cultures are shown in Table II . In all patients the infection healed without recurrence. Arthrodesis was achieved in all but one patient (Table  III) . The mean duration of application of the Ilizarov frame was 28 weeks (16 to 54), the mean time of immobilisation in a cast 23 weeks (7 to 65) and the mean total length of treatment was 51 weeks (26 to 106). The mean follow-up was for 52 months (14 to 91).
Seven patients had no complications, but all had a mean discrepancy in limb-length, due to bone loss, of 4 cm (2 to 6). This was unavoidable and we did not deem it a complication. All had pin-track infections which were successfully treated with flucloxacillin given orally.
There were 15 complications in eight patients. Three were not related to the arthrodesis: these were a urinarytract infection in two patients and pneumonia in one. In eight patients there were 12 complications related to the treatment according to the classification system of Paley, 35 an incidence of 80%. Pin-track osteomyelitis necessitated intravenous antibiotics in three patients and the infected pins were removed.
In one patient a fracture of the femur and tibia occurred during removal of the prosthesis, but the Ilizarov frame was nevertheless applied. In another patient, a fracture of the femur occurred at the tip of the stem of the knee prosthesis, two weeks after application of the frame. The frame was then extended to incorporate the proximal part of the femur. Half-pins used for fixation at the proximal end of the femur, became loose 21 weeks later and the frame was reapplied. There was malunion of the fracture and the patient developed a decubitus ulcer of the heel. In two patients the fixation became loose, and was successfully reapplied. In one patient who had an earlier attempted arthrodesis with an allograft in the referring hospital, nonunion occurred after removal of the Ilizarov frame. This was treated by a knee orthosis.
All but one of the complications were treated without residual deformity. During follow-up, two patients died in institutions for the elderly and their cause of death was not investigated.
Discussion
Deep infection is a very serious complication of TKA which usually requires removal of the implant and attempted arthrodesis. Orthopaedic surgeons will be confronted increasingly with this problem as the number of TKAs performed increases, especially in younger patients.
Intramedullary nailing has been the most reliable method of achieving arthrodesis with a rate of union of 94%. 24 Two studies with small groups of patients 26, 29 reported union in 100% (Table IV) . This technique has two significant disadvantages. First, arthrodesis can be effected only after the infection has been successfully treated. Photograph showing an Ilizarov frame for knee arthrodesis.
Table II. Bacterial cultures from infected knee arthroplasty

Number of patients
Staphylococcus aureus 6
Staphylococcus epidermidis 1
Haemolytic streptococcus group G 1
Moxarella species 1
Pseudomonas aeruginosa 1
Klebsiella pneumoniae 1
Enterococcus, peptostreptococcus and an anaerobic rod 1
Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa 1
Negative cultures 2 val between the removal of the prosthesis and the eradication of the infection may be up to 40 weeks. 24, 26, 29 Secondly, autologous bone grafting should be performed at the same time.
Our experience using the Ilizarov technique in 15 patients gave a rate of union of the knee arthrodesis of 93%. This is of particular significance since eight patients (53%) had undergone earlier attempts at arthrodesis in other hospitals; most had long-standing osteomyelitis, and were elderly (Table IV) .
The rate of complications related to treatment was 80%. Other techniques referred to in Table IV show rates of 25% to 75%. We did not, of course, expect this rate to be lower than that previously reported using different techniques. Although the rate of complications was high, the rate of union was also high.
Many complications in our study were related to poor quality and quantity of available bone. In three patients, loosening of fixation pins was due to poor bone quality. In one patient, the femur and tibia fractured during the removal of the prosthesis, because of very poor bone stock. In the patient with nonunion abundant allografting had been performed in an attempt to achieve arthrodesis elsewhere. We decided not to remove the allograft when we applied the fixator. No graft was used in any other patient.
The mean total duration of treatment with this technique was 51 weeks. With intramedullary nailing shorter treatment times have been reported. 24, 26 When the arthrodesis is performed under adverse clinical conditions as when the infection is hard to control, the treatment time may be more than one year. 29 An Ilizarov arthrodesis has the advantage that it can be performed in the presence of active infection. The infection subsides with continuous axial compression and treatment with antibiotics, and the arthrodesis proceeds to union. 33, 34 In our study there were no recurrences of infection. A major disadvantage of the Ilizarov external ring fixator is its bulkiness which causes considerable discomfort.
Our experience of knee arthrodesis using the Ilizarov method in patients in whom arthrodesis after removal of infected knee arthroplasty could be difficult to achieve with other techniques has been satisfactory.
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